Objectives: To investigate the independent contribution of change in sub-total body fat and lean mass to cognitive performance, specifically the executive processes of selective attention and conflict resolution, in community-dwelling older women.
Introduction
As the world's population ages, dementia will become a global epidemic [1] . Currently it is estimated that 5.2 million people have Alzheimer's disease (AD) in the United States (US) alone [1] . The economic burden of dementia in the US will rise dramatically from $200 billion in 2012 to $1.1 trillion in 2050 [1] . Thus, it is a priority to identify effective prevention strategies that will combat the increasing burden dementia imposes on our population. Current evidence demonstrates physical activity is an effective prevention strategy for cognitive decline [2, 3, 4, 5, 6] .
Physical activity has been identified as an effective intervention for maintaining and improving cognitive performance through promoting brain health in older adults. Directly, exercise increases brain availability of several classes of growth factors, most importantly brain-derived neurotrophic factor [7] . Brain-derived neurotrophic factor enhances synaptic transmission, encodes long term potentiation, improves learning, promotes differentiation, neurite extension, and protects against ischemic insults and thus plays a crucial role in neuroplastic, neurotrophic, and neuroprotective factors [7] . Brain-derived neurotropic factor also supports the health and functioning of glutamatergic neurons in the hippocampus, a brain region important in learning and memory and is the site of early deterioration in neurodegenerative diseases like AD [8] .
Indirectly, exercise may promote brain health by reducing vascular risk factors such as hypertension [9] , cardiovascular [10] , and cerebrovascular disease [11] . As these chronic conditions are highly associated with increased body mass index (BMI) [12] , regular physical activity may also promote cognitive function in older adults by reducing adipose tissue. Increased adiposity can cause carotid-artery-wall thickening, arterial stiffness, and vascular and coronary endothelial dysfunction contributing to vascular diseases [13] . For example, these mechanisms have been linked to brain pathologies associated with vascular dementia [14] , such as lacunar infarcts and white matter lesions [15] . Adipose tissue also secretes various bioactive metabolites (i.e., transforming growth factor b [16] , tumour necrosis factor a [17] , angiotensin II [18] , cytokines [19] , fatty acids [20] ) that have been associated with dementia.
Although adiposity has been linked to reduced brain health [13] , the relationship between adiposity and cognitive function remains equivocal. Findings from cross sectional [21, 22] and prospective cohort [23, 24, 25] studies report both positive and negative cognitive outcomes with increased adiposity. For example, waist circumference, waist-hip-ratio, and visceral adiposity were inversely related to cognitive function in both older men and women [21, 22] . Another study implicated decreased central obesity as a key factor in cognitive decline in older women after adjusting for potential confounding factors for cognitive function (i.e., age, sex, level of education, and depression) and health conditions (i.e., hypertension, diabetes, and smoking status) [23] . Further, increased adiposity over time was associated with positive change in cognitive function in older men when obese at baseline [23] . Conversely, in the Health, Aging and Body Composition (ABC) Study [24] , higher levels of subcutaneous fat and total fat mass were associated with worsening global cognitive function in men after controlling for metabolic disorders, adipocytokines, and sex hormone levels. No association between adiposity and cognitive change was found in older women in both the Health ABC Study [24] and the Women's Health Initiative Study of Cognitive Aging [25] .
Furthermore, the association between adiposity and incident dementia remain unclear [26, 27, 28, 29] . Obesity in mid-life appears to increase the risk for cognitive decline and dementia in late-life [28, 29] . This association is reversed in adults over 65 years of age; higher BMI in late life is associated with a reduced risk of dementia [26, 27] . Research suggests that low BMI in late life may be an early pathological sign of dementia [26, 27] .
Several factors may contribute to the discrepant findings in the adiposity and cognitive function literature. First, increased age is often characterized by a loss in lean body mass and an increase in adipose tissue [30] . Thus, BMI is an insensitive measure of body composition in older adults as it does not reflect this change in body composition [31] . Second, many of the past studies were cross sectional hence no temporal associations were established and unknown and known confounders were not controlled for [21, 32, 33] . Third, previous studies have relied on measures of global cognitive function such as the Mini-Mental State Examination (MMSE) [23, 24] which is not sensitive to subtle changes in cognitive function in healthy older adults [34] . Lastly, to our knowledge only one study to date has assessed the effect of change in body fat mass on cognitive performance in healthy communitydwelling older adults [23] and no study has addressed the effect of change in body lean mass. Yet, such knowledge would facilitate the development and refinement of targeted interventions to improve cognitive function in older adults. For example, if reduced body fat mass -rather than increased body lean mass -was independently associated with improved cognitive performance, it would justify the promotion of targeted exercise training interventions that reduce fat mass (i.e., aerobic training) rather than those that increase lean mass (i.e., progressive resistance training).
Further, few studies have specifically assessed the effect of adipose tissue on executive functions. Executive functions are higher-order cognitive processes that controls and manages other cognitive abilities. It allows for effective goal-directed behaviour and control of attentional resources which are necessary for managing everyday activities and functional independence [35] . Normal aging is associated with a decrease in cognitive resources responsible for executive functions, in particular the capacity to execute tasks that involve selective attention and conflict resolution [36] . These cognitive domains as measured by the Stroop Test [37] has been significantly associated with impaired mobility [38] and instrumental activities of daily living [39] . Executive functions are also highly relevant to healthy aging as it is a predictor of conversion to AD [40] .
Thus, we conducted a secondary analysis on data collected from a 12-month randomized controlled trial of exercise to investigate the independent association of change in both sub-total body fat mass and sub-total body lean mass with executive functions, specifically the executive processes of selective attention and conflict resolution, at trial completion.
Methods

Ethics Statement
Ethical approval was obtained from the Vancouver Coastal Health Research Institute (V06-0326) and the University of British Columbia's Clinical Research Ethics Board (H06-0326). All participants provided written informed consent.
Study Design and Participants
The sample for this secondary analysis consisted of a subset of 155 women who consented and completed a 12-month randomized controlled trial of exercise that primarily aimed to examine the effect of once-weekly or twice-weekly resistance training compared with a twice-weekly balance and tone exercise intervention on executive functions [41] . The design and the primary results of the study have been previously reported. Of the 155 women recruited, 114 women underwent a DXA scan and were included in this secondary analysis.
We recruited and randomized senior women who: 1) were aged 65-75 years; 2) were living independently in their own home; 3) obtained a score $24 on the MMSE [42] ; and 4) had a visual acuity of at least 20/40, with or without corrective lenses. We excluded those who: 1) had a diagnosed neurodegenerative disease (e.g., AD) and/or stroke; 2) were taking psychotropic drugs; 3) did not speak and understand English; 4) had moderate to significant impairment with ADLs as determined by interview; 5) were taking cholinesterase inhibitors within the last 12 months; 6) were taking anti-depressants within the last six months; or 7) were on oestrogen replacement therapy within the last 12 months.
Randomization
The randomization sequence was generated by www. randomization.com and was concealed until interventions were assigned. This sequence was held independently and remotely by the Research Coordinator. Participants were enrolled and randomised by the Research Coordinator to one of three groups: once-weekly resistance training (n = 37), twice-weekly resistance training (n = 41), or twice-weekly balance and tone (n = 36).
Exercise Intervention
Resistance Training. All classes were 60 minutes in duration. The protocol for this program was progressive and highintensity in nature. Both a KeiserH Pressurized Air system and free weights were used to provide the training stimulus. Other key strength exercises included mini-squats, mini-lunges, and lunge walks.
Balance and Tone. This program consisted of stretching exercises, range of motion exercises, kegals, balance exercises, and relaxation techniques. This group served to control for confounding variables such as physical training received by traveling to the training centres, social interaction, and lifestyle changes secondary to study participation.
Descriptive Variables
Age was measured in years. We used the 15-item Geriatric Depression Scale (GDS) [43] to screen for depression. Global cognition was assessed using the MMSE [42] . Functional Comorbidity Index (FCI) was calculated to estimate the degree of comorbidity associated with physical functioning [44] . This scale's score is the total number of comorbidities.
Dependent Variable: Executive Processes of Selective Attention and Conflict Resolution
Our primary outcome measure was the executive cognitive processes of selective attention and conflict resolution, as measured by the Stroop Test. For the Stroop Test, we used three conditions. First, participants were instructed to read out words printed in black ink (e.g., blue). Second, they were instructed to read out the color of colored x's. Finally, they were shown a page with color words printed in incongruent colored inks (e.g., the word blue printed in red ink). Participants were asked to name the ink color in which the words are printed (while ignoring the word itself). There were 80 trials for each condition and we recorded the time participants took to read each condition. The ability to selectively attend and control response output was calculated as the time difference between the third condition and the second condition (i.e., interference score). Smaller time differences indicate better selective attention and conflict resolution.
Independent Variables of Interest: Sub-total Body Fat Mass and Sub-Total Body Lean Mass
Sub-total body fat mass and sub-total body lean mass, which does not include the head/skull, were measured using DXA. This method uses a three-compartment model of body composition and provides an estimate of fat and lean mass. A whole body scan takes approximately six minutes and the total radiation exposure per session is less than 10 millirems, which is similar to the background radiation one would be exposed to during a one-way flight from Vancouver to Halifax on a commercial airline. The participants were instructed to lay supine on a padded table with all metal objects removed. A spine and anthropomorphic phantom were scanned each day of assessment to maintain quality assurance. DXA scans were performed and analyzed using standard Hologic analysis protocol. For statistical analysis, change in sub-total body fat mass was calculated as baseline measurements minus trial completion measurements; change in sub-total body lean mass was calculated as trial completion measurements minus baseline measurements.
Statistics
Descriptive data are reported for variables of interest. Data were analyzed using SPSS Windows Version 18.0 (SPSS Inc., Chicago, IL). The associations between the variables were determined using the Pearson product moment coefficient of correlation.
A multiple linear regression model was constructed to determine the independent contribution of change in sub-total body fat mass (grams) and change in sub-total body lean mass (grams) on Stroop Test performance at trial completion. Baseline Stroop Test performance, age, baseline MMSE score, baseline FCI score, baseline GDS, and experimental group were statistically controlled by entering these six variables into the regression model first. These independent variables were determined from the results of the Pearson product moment coefficient of correlation analyses (i.e., baseline Stroop Test performance, age, baseline MMSE score, and baseline FCI score) or from assumed biological relevance (i.e., experimental group and GDS score). Both change in sub-total body fat mass and change in sub-total body lean mass were then entered into the regression model and only the variables that significantly improved the model were kept (i.e., significant Rsq change at P,0.05).
Results
Change in Variables of Interest
Age, GDS scores, MMSE scores, FCI scores, baseline Stroop performance, and average fat mass were similar across experimental groups. At the end of the 12-month trial, the 114 women who participated gained an average of 304.62 grams (0.67 pounds) of sub-total body fat mass and loss an average of 562.51 grams (1.24 pounds) of lean mass as measured by DXA. Stroop performance was improved by approximately four seconds. Based on normative data published from the Maastricht Aging study [45] , a 5-second interval represents the difference in interference among women with average to high level of education between the mean ages of 65, 70, and 75 years. Table 1 reports values for variables of interest. Table 2 reports the correlation coefficients of those variables included in the final multi-variable regression model. Baseline Stroop performance, age, baseline MMSE, and baseline FCI were significantly associated with Stroop performance at trial completion (P,0.05). Change in sub-total body fat mass was significantly and negatively associated with the executive processes of selective attention and conflict resolution (P,0.05) -reduced fat mass was significantly associated with improved Stroop performance at trial completion. Experimental group, baseline GDS, and sub-total lean mass was not significantly associated with Stroop performance at trial completion (P.0.05).
Correlation Coefficients
Linear Regression Model
Baseline Stroop performance, age, baseline MMSE, baseline FCI, baseline GDS, and experimental group accounted for 35.6% of the variance in Stroop performance at trial completion. Adding change in sub-total body fat mass to the model resulted in a significant R-square change of 3.9% (F Change = 6.80, P,0.05). The total variance accounted by the final model was 39.5%. Change in lean mass was not a significant contribution to Stroop Test performance at trial completion (R-square change = 0.008, F Change = 1.390, P.0.05). Table 2 reports the results of our linear regression.
Discussion
We found that reduced sub-total body fat mass was independently associated with better performance of selective attention and conflict resolution among community dwelling senior women. To our knowledge, this is the first study to examine the independent association of change in both sub-total body fat mass and sub-total body lean mass with executive functions after accounting for baseline cognitive performance, age, baseline global cognition, baseline number of comorbidities, baseline depression, and experimental group. Critically, we used radio-graphic measures of body composition which are more precise than measures of BMI or circumferences [46, 47] .
Our finding of a significant independent association between reduced sub-total body fat mass and improved cognitive performance concurs and extends the results of previous studies [48, 49] examining the effects of obesity combined with hypertension on executive functions. These authors found a negative effect of obesity and hypertension on measures of memory [48] and executive functions [48, 49] . This negative association was attributed to brain pathologies caused by increased blood pressure facilitated by adipose tissue.
Our overall results are supported by biochemical studies demonstrating the negative effects of adipose metabolite secretion on brain health [14, 16, 18, 19, 20, 50, 51, 52] . Increased BMI is associated with increased plasma levels of inflammatory proteins such as C-reactive protein (CRP) and interleukin-6 (IL-6). Elevated levels of CRP and IL-6 reflect an enhanced inflammatory state and are associated with accelerated cognitive decline [51] . Specifically, Gorelick and colleagues [14] suggested that high levels of CRP and IL-6 resulted in nearly a 3-fold increase in vascular dementia risk. Critically, current evidence suggest that systemic inflammation is a key factor underlying the association between cardiovascular risk factors and neuronal damage [14] .
Our findings extend the results of previous studies in the area of body composition and cognitive function in older adults [21, 22, 23, 24, 25, 32, 33] . Four previous studies assessed the association between fat mass and cognitive performance [21, 22, 24, 25, 32, 33] , however, it remains unclear how change in fat mass may affect cognitive function.
To our knowledge, Han and colleagues [23] conducted the only study that included both baseline and follow-up measures of cognitive function and body fat mass, as measured by bioelectrical impedance, and found no significant associations between change in body fat mass and change in cognitive performance in adults aged 60-85 years. These contrasting results may be explained by differences in methodology -bioelectrical impedance analysis is a less accurate measure of body fat mass compared to DXA [53] .
Furthermore, Han and colleges reported that changes in BMI, waist-to-hip ratio (WHR), and waist circumference (WC) were associated with changes in cognitive function. Obese men with increased BMI, WHR, and WC over time experienced a positive change in cognitive function. Normal weight women with reduced WC over time and obese women with reduced WHR over time experienced cognitive decline at follow-up. Thus, the relationship between adiposity and cognitive function may be dependent on the specific measure of body fat mass. As such, the effect of central adiposity versus total fat mass on cognitive performance warrants further investigation and standardization of the most valid and reliable method of measuring fat mass is necessary to understand the true relationship between adipose tissue and cognitive function in older adults.
Our study included the following limitations. Our study sample consisted exclusively of independent community-dwelling senior women who were without significant physical and cognitive impairments. Thus, the results of this study may not generalize to senior women with significant physical and/or cognitive impairments and we may have underestimated the contribution of change in body fat mass to selective attention and conflict resolution performance. Furthermore, the additional variance explained by sub-total body fat mass in the statistical model was only 3.9% (R-square change). Although this was statistically significant, it is unclear whether this overall effect results in a clinically important improvement. We note that the minimal mean change in sub-total body fat mass (i.e., 304.62 grams or ,0.5 pounds) observed in this study may also underestimated the contribution of change in fat mass to selective attention and conflict resolution performance. Of note, the primary aim of the Brain POWER study intervention was to combat cognitive decline, not to change fat mass. As such, an intervention focused solely on affecting change in fat mass may show a larger effect. Further studies are needed to provide a better understanding of the interplay between adiposity and cognitive function. Future studies may consider evaluating the effect of potential mediators that may lie in the causal pathway between adiposity and change in cognition. While prior studies have found that inflammatory factors are independently associated with cognitive decline [54] , it is unclear how adipocytokines and metabolic variables affect cognitive function and whether they explain the effect of adiposity on cognitive function. Furthermore, visceral and subcutaneous fat tissue may differ in their production of various adipocytokines, such as adiponectin and leptin [55] . As such, it may be necessary to measure visceral and subcutaneous fat separately. In addition, other biochemical measures such as sex hormones may also help explain why men and women experience different outcomes in response to weight loss.
In conclusion, change in sub-total body fat mass -not change in lean mass -is independently associated with executive functions. This further emphasizes the potential value of targeted exercise training in combating cognitive decline [2, 56] .
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